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IDXOWFRLOORFDWLRQQDPHO\$$«&&$FFRUGLQJWR
WKHLQYHVWLJDWLRQLQ>@WKHIDXOWFXUUHQWLVWKHKLJKHVWLI
WKH IDXOWRFFXUV LQFRLO% LQPRWRULQJ PRGH ZKLFK LV WKH
WUDLOLQJ FRLORI VHW $%&DVVXPLQJ WKHPDFKLQH LV URWDWLQJ
DQWLFORFNZLVH2QWKHFRQWUDU\LWLVWKHKLJKHVWLQFRLO$
LQJHQHUDWLQJPRGHZKLFKFRUUHVSRQGVWRWKHOHDGLQJFRLO
%\ZD\RIH[DPSOHDVLQJOHWXUQIDXOWLQFRLO%DIWHU76&
LVVLPXODWHG LQ&HGUDW)OX[ZKLOH WKHRWKHU WZRKHDOWK\
SKDVH VHWV DUH H[FLWHG ZLWK $ UDWHG FXUUHQWV ZLWK q
JDPPDDQJOHDWUSPLQPRWRULQJPRGH7KLVDQJOHLV
EHWZHHQWKHTD[LVDQGWKHFXUUHQWYHFWRUFRUUHVSRQGLQJWR
WKH PD[LPXP WRUTXH SHU $PSHUH RSHUDWLRQ 6LQFH WKH
UHPDLQLQJ ZLQGLQJV VWLOO RSHUDWH LQ EDODQFHG PDQQHU WKH
073$FXUYHVRI WKHKHDOWK\DQGIDXOW\RSHUDWLRQDUHYHU\
FORVH6RWKHPDFKLQHVWLOOIROORZVWKHKHDOWK\073$FXUYH
LQSRVW IDXOWRSHUDWLRQ$V VKRZQLQ)LJ WKH IDXOWHGVHW

6SHHG
&RQWUROOHU
߱UHI߱
LGUHI
LTUHI
'4&XUUHQW
&RQWUROOHU
XG
XT
LG
LT
'4
7UDQVIRUP
T
LDLELF
693:0
*DWH
VLJQDOV
'4&XUUHQW
&RQWUROOHU
XG
XT
LG
LT
'4
7UDQVIRUP
T
LGLHLI
693:0
*DWH
VLJQDOV
'4&XUUHQW
&RQWUROOHU
XG
XT
LG
LT
'4
7UDQVIRUP
T
LJLKLL
693:0
*DWH
VLJQDOV
߱
$
% &
'
( )
*
+ ,
1
1
1
%
7XUQIDXOW
)LJ30$6\Q50ZLWKVHJUHJDWHGZLQGLQJVDQGLQGHSHQGHQWGULYHV
$%& FDQ EH VKRUW FLUFXLWHG E\ WXUQLQJ RQ DOO WKH WRS RU
ERWWRPVZLWFKHVRIWKHLQYHUWHU7KHWXUQIDXOWLVHPXODWHGE\
VKRUW FLUFXLWLQJ RQH WXUQ ZLQGLQJ ZLWK ]HUR H[WHUQDO
LPSHGDQFH 0HDQZKLOH LGHDO FXUUHQW VRXUFHV DUH XVHG WR
UHSUHVHQW WKH LQYHUWHU GULYHV IRU WZR UHPDLQLQJ KHDOWK\ 
SKDVHVHWV'()DQG*+,XQGHUFORVHGORRSFXUUHQWFRQWURO
7KH VLPXODWHG WXUQ IDXOW FXUUHQW DQG SKDVH FXUUHQWV DUH
VKRZQLQ)LJ
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
)LJ,OOXVWUDWLRQRI76&DIWHUWXUQIDXOW
)LJ6LPXODWHGWXUQIDXOWFXUUHQWDQGSKDVHFXUUHQWVRIVHW$%&ZLWKWXUQ
IDXOWLQFRLO%DIWHU76&
,WLVVHHQWKHUHVXOWDQWSKDVHFXUUHQWVDUHXQEDODQFHGDQG
FRQWDLQ PDLQO\ WKH SRVLWLYH DQG QHJDWLYH VHTXHQFH
FRPSRQHQWV >@ ,W LVHYLGHQW WKDW WKH WXUQIDXOWFXUUHQW LV
VWLOOKLJKHUWKDQWKHUDWHGYDOXHaSXZLWKUHVSHFWWRWKH
UPV UDWHG FXUUHQW7KLVKLJK IDXOW FXUUHQW LPSOLHV WKDW WKH
IOX[OLQNDJHRIWKHIDXOWWXUQVLVQRWHIIHFWLYHO\QXOOLILHG,WLV
ZRUWK QRWLQJ WKDW WKH PDFKLQH LQ 7DEOH , LV WKHUPDOO\
GHVLJQHGWRFRSHZLWKWKHZRUVWFDVHWXUQIDXOWFXUUHQWLQFRLO
% LQ PRWRULQJ PRGH ZLWK UDWHG FXUUHQW H[FLWDWLRQ 7KH
WHPSHUDWXUH RI WKH IDXOW WXUQ VKRXOG EH ORZHU WKDQ WKH
PD[LPXPDOORZDEOHWHPSHUDWXUHRIWKHFRSSHUZLUHV'XHWR
WKHH[FHVVLYHIDXOWFXUUHQWWKHPDFKLQHKDVWREHGHVLJQHG
ZLWK OHVV PDJQHWV +HQFH WKH HIILFLHQF\ DQG WKH WRUTXH
FDSDELOLW\RIWKHPDFKLQHDUHFRPSURPLVHG+RZHYHULIWKLV
IDXOWFXUUHQWLVIXUWKHUUHGXFHGWKHPDFKLQHFDQEHRSWLPL]HG
IRULPSURYHGWRUTXHGHQVLW\DQGHIILFLHQF\7KXV LWZRXOG
EHGHVLUDEOHLIWKHWXUQIDXOWFXUUHQWFRXOGEHIXUWKHUUHGXFHG
,,,$1$/<6,62)7+(&219(17,21$/7851)$8/7
0,7,*$7,210(7+2'76&
,QRUGHUWRGHYHORSDQHIIHFWLYHPHWKRGWRUHGXFHWKHWXUQ
IDXOWFXUUHQWWKHHIIHFWRIWKHFRQYHQWLRQDOPLWLJDWLRQDFWLRQ
76&RQ WKH WXUQIDXOW LVDQDO\]HG$IWHU WKHDSSOLFDWLRQRI
76& RQ WKH IDXOW VHW ZKLFK FDQ EH FRQYHQLHQWO\
LPSOHPHQWHG E\ VHWWLQJ WKH LQYHUWHU UHIHUHQFH YROWDJHV WR
]HURWKHSKDVHFXUUHQWVRIWKHIDXOWSKDVHVHWDUHJRYHUQHG
E\HTXDWLRQZKHUH݅ௗଵ݅௤ଵDQG߰ௗଵ߰௤ଵDUH WKHGTD[LV
FXUUHQWVDQGIOX[OLQNDJHVRIWKH$%&VHWUHVSHFWLYHO\ܴLV
WKHSKDVHUHVLVWDQFHDQG߱LVWKHHOHFWULFDODQJXODUVSHHG
Ͳ ൌ ܴ݅ௗଵ ൅ ݀߰ௗଵ݀ݐ െ ߱߰௤ଵͲ ൌ ܴ݅௤ଵ ൅ ݀߰௤ଵ݀ݐ ൅ ߱߰ௗଵ $IWHUWKHDSSOLFDWLRQRI76&߰ௗଵ߰௤ଵFRQWDLQVLJQLILFDQW
QGKDUPRQLFVVLQFHWKHV\PPHWU\LVEURNHQ$QGKHQFHWKH
LQGXFHG VKRUW FLUFXLW FXUUHQWV RI WKH IDXOW VHW EHFRPHV
XQEDODQFHG0HDQZKLOHWKHWZRUHPDLQLQJKHDOWK\VHWVDUH
VWLOO H[FLWHG E\ ORDG FXUUHQWV ZLWK FORVHG ORRS FXUUHQW
FRQWUROOHU 6LJQLILFDQW QHJDWLYH DQG ]HUR VHTXHQFH IOX[
OLQNDJHFRPSRQHQWVDULVHLQWKHIDXOWVHWGXHWRXQEDODQFHG
RSHUDWLRQ,WFDQEHGHVFULEHGE\WKHUHVXOWDQW00)ZKLFK
LV FDOFXODWHG E\ PXOWLSO\LQJ WKH ZLQGLQJ IXQFWLRQV RI WKH
PDFKLQHZLWKWKHLUSKDVHFXUUHQWV>@$FFRUGLQJWR>@
DW\SLFDO00)LQGXFHGE\WKHFXUUHQWVLQVHW$%&RQO\LV
VKRZQ LQ )LJ  ,W LV VHHQ WKDW WKH FXUUHQWV LQ VHW $%&
SURGXFH00)QRWRQO\RYHUWKHVHWLWVHOIEXWDOVRRYHUWKH
RWKHU WZR VHWV0RUHVSHFLILFDOO\ WKH00)RYHU VHW$%&
FRQVLVWVRIDQ$&FRPSRQHQWܨ௔௖ଵ DQGDQRIIVHWFRPSRQHQWܨ௢௦ଵ ZKLOH RQO\ DQ RIIVHW FRPSRQHQW ܨ௢௦ଶ ǡ ܨ௢௦ଷ  H[LVWV RYHURWKHU UHJLRQV ,Q IDFW WKH GLIIHUHQW SKDVH VHW DIIHFW WKH
RWKHUVHWVYLDWKH00)RIIVHWFRPSRQHQW
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6HW$%& 6HW'() 6HW*+,
)DF
)LJ00)SURGXFHGE\VHW$%&
7KH WRWDO 00) RYHU WKH ZKROH DLUJDS HTXDOV WKH
VXPPDWLRQ RI 00) LQGXFHG E\ WKH WKUHH VHWV ,W FDQ EH
GLYLGHG LQWR WKUHH SDUWV HDFK EHLQJ DVVRFLDWHG ZLWK WKH
UHJLRQRFFXSLHGE\RQHSKDVHZLQGLQJ7KHW\SLFDO00)
RYHURQHSKDVHVHWUHJLRQܨLVLOOXVWUDWHGLQ)LJIRUVHW
$%& ,W FRQVLVWV RI DQ $& FRPSRQHQWܨ௔௖  DQG DQ RIIVHWFRPSRQHQWܨ௢௦7KH$&FRPSRQHQWܨ௔௖LVSXUHO\GHWHUPLQHGE\WKHFXUUHQWVLQWKDWVHWZKLOHWKHRIIVHWFRPSRQHQWܨ௢௦LVWKHFRPELQHGHIIHFWRIWKHFXUUHQWVLQDOOWKUHHSKDVHVHWV
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)LJ00)RYHUVHW$%&UHJLRQ
7KHIOX[GHQVLW\RIWKHDUPDWXUHUHDFWLRQLQWKHDLUJDSDQG
WKH UHVXOWDQW IOX[ OLQNDJH DUH SURSRUWLRQDO WR WKH 00)
GLVWULEXWLRQ 7KH 00) $& FRPSRQHQWܨ௔௖ LV WKH VDPH DVWKDWRIKHDOWK\FRQGLWLRQDQG WKHLQGXFHGIOX[ OLQNDJHDOVR
KDVDVLQXVRLGDOGLVWULEXWLRQLIWKHKLJKRUGHUKDUPRQLFVDUH
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LJQRUHG+RZHYHU WKH IOX[ OLQNDJHSURGXFHGE\ WKH00)
RIIVHWFRPSRQHQWܨ௢௦KDVDGLIIHUHQWFKDUDFWHULVWLF7DNLQJ SKDVH $ DV DQ H[DPSOH WKH IOX[ OLQNDJH߮௢௦஺SURGXFHGE\WKHRIIVHWFRPSRQHQWܨ௢௦FDQEHHYDOXDWHGE\ZKHUH߮௢௦஺ଵDQG߮௢௦஺ଶGHQRWHWKHUHVXOWDQWIOX[OLQNDJHVIRUFRLOV$DQG$UHVSHFWLYHO\݊஺ଵ݊஺ଶDUHWKHWXUQIXQFWLRQVIRUFRLOV$DQG$DVVKRZQLQ)LJݎLVWKHUDGLXVRIWKH
VWDWRULQQHUERUHDQG݈LVWKHD[LDOOHQJWKRIWKHVWDWRUVWDFN݃ିଵሺߙሻ LV WKH LQYHUVH DLUJDS IXQFWLRQ JLYHQ LQ  7KH
UHVXOWDQWIOX[OLQNDJHVLQSKDVHV%DQG&߮௢௦஻ DQG߮௢௦஼ FDQEHGHULYHGVLPLODUO\߮௢௦஺ ൌ ߮௢௦஺ଵ ൅ ߮௢௦஺ଶൌ ߤ଴ݎ݈ න݃ିଵሺߙሻ ሺ݊஺ଵ ൅ ݊஺ଶሻܨ௢௦݀ߙ 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6HW'() 6HW*+,
)LJ7XUQIXQFWLRQVRIWKHFRLOVLQVHW$%&
6LQFH WKH FRLOV DUH IXOOSLWFKHG DQG WKH 00) RIIVHW
FRPSRQHQWܨ௢௦LVFRQVWDQWRYHUWKH$%&VHWUHJLRQLWFDQEHLQIHUUHGWKDW߮௢௦஺ଵHTXDOV߮௢௦஺ଶDQGLVKDOIRI߮௢௦஺)XUWKHULWFDQEHGHGXFHGWKDW߮௢௦஺HTXDOV߮௢௦஻ 'XHWRWKHRSSRVLWHSRODULW\RIWKHWXUQIXQFWLRQIRUSKDVH&FRPSDUHGWRWKDWRI
SKDVHV$DQG% WKHRIIVHW IOX[OLQNDJHRISKDVH&KDVWKH
VDPHPDJQLWXGHEXWDQRSSRVLWHSRODULW\DVJLYHQLQDQG
VKRZQLQ)LJ
 ߮௢௦஺ ൌ ߮௢௦஻ ൌ െ߮௢௦஼  
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)LJ5HODWLRQVKLSRIWKHSKDVHDQGFRLO IOX[OLQNDJHVGXHWRWKH00)
RIIVHWFRPSRQHQW
7KH DERYH IOX[ OLQNDJHV YDU\ ZLWK WKH 00) RIIVHW
FRPSRQHQWܨ௢௦ ,W LV HYLGHQW IURP  WKDW WKH IOX[ OLQNDJHSURGXFHGE\WKH00)RIIVHWFRPSRQHQWQRWRQO\FRQWDLQV
SRVLWLYH DQG QHJDWLYH VHTXHQFH FRPSRQHQWV EXW DOVR KDV
]HURVHTXHQFHFRPSRQHQW߮଴DVJLYHQLQ ߮଴ ൌ ሺ߮௢௦஺ ൅ ߮௢௦஻ ൅ ߮௢௦஼ሻȀ͵ ൌ ߮௢௦஺Ȁ͵ 

)RU WKH VWDU FRQQHFWHG SKDVH ZLQGLQJ SRVLWLYH DQG
QHJDWLYHVHTXHQFHFXUUHQWVFDQEHJHQHUDWHGE\DSSOLFDWLRQ
RI 76& LQ WKH IDXOW SKDVH VHW WR FRXQWHUDFW WKH
FRUUHVSRQGLQJIOX[OLQNDJHVRIWKHIDXOWHGWXUQV$VDUHVXOW
WKHSRVLWLYHDQGQHJDWLYHVHTXHQFHIOX[OLQNDJHFRPSRQHQWV
DUH UHGXFHG WR D PXFK ORZHU YDOXH +RZHYHU WKH ]HUR
VHTXHQFHIOX[OLQNDJHUHPDLQVVLQFHWKHUHLVQRSDWKIRUWKH
]HUR VHTXHQFH FXUUHQW+HQFH LW FDQEH FRQFOXGHG WKDW WKH
]HURVHTXHQFHIOX[OLQNDJHRIWKHIDXOWWXUQVLVWKHPDLQFDXVH
RIWKHKLJKIDXOWFXUUHQWVHHQLQ)LJ
)LJ   3KDVH IOX[ OLQNDJHV RI VHW $%& DIWHU 76& ZKHQ WZR UHPDLQLQJ
KHDOWK\SKDVHVHWVDUHH[FLWHGZLWKUDWHGFXUUHQWVLQPRWRULQJPRGH
)LJ   )OX[ OLQNDJHV RI WKH  FRLOV LQ VHW $%& DIWHU 76& ZKHQ WZR
UHPDLQLQJKHDOWK\VHWVDUHH[FLWHGZLWKUDWHGFXUUHQWVLQPRWRULQJPRGH
7KH W\SLFDO SKDVH IOX[ OLQNDJHV RI VHW $%& DIWHU 76&
ZKHQWKHRWKHUWZRKHDOWK\VHWVDUHH[FLWHGE\$FXUUHQWV
LQPRWRULQJPRGHDUHVLPXODWHGLQ)(DQGSORWWHGLQ)LJ
$V FDQ EH VHHQ WKH UHVLGXDO IOX[ OLQNDJHV KDYH VLPLODU
ZDYHIRUPVDQGSKDVHVKLIWV2EYLRXVO\PDMRULW\RIWKHIOX[
OLQNDJHVDUH]HURVHTXHQFHFRPSRQHQWVEHFDXVHWKHUHLVQR
]HUR VHTXHQFH FXUUHQW LQ WKH VWDUFRQQHFWHG ZLQGLQJ $V D
UHVXOWLQWKHHYHQWRIDWXUQIDXOWWKHUHVLGXDOIOX[OLQNDJHRI
WKHIDXOWWXUQVDIWHU76&DUHPDLQO\GXHWRWKH]HURVHTXHQFH
IOX[OLQNDJH
7KHIOX[OLQNDJHRIHDFKSKDVHHTXDOVWKHVXPPDWLRQRI
WKHWZRVXEFRLOV¶7KXVWKHIOX[OLQNDJHVRIWKHFRLOVDUH
IXUWKHUVKRZQLQ)LJ,WLVVHHQWKDWWKHIOX[OLQNDJHVRIWKH
FRLOVDUHTXLWHGLIIHUHQWIURPHDFKRWKHU7KLVH[SODLQVZK\
WKH IDXOW FXUUHQW LV GLIIHUHQW LI WKH WXUQ IDXOW RFFXUV LQ
GLIIHUHQWFRLOV6LQFHWKHUHVLGXDOIOX[OLQNDJHRIFRLO%LV
WKHKLJKHVW WKH IDXOW FXUUHQWZLOO EH WKHKLJKHVW LI WKH WXUQ
IDXOWRFFXUV LQFRLO%7KLV ILQGLQJ LVFRQVLVWHQW ZLWK WKH
FRQFOXVLRQ GUDZQ LQ >@ 7KH PDFKLQH IDXOW EHKDYLRU LQ
JHQHUDWLQJPRGHLVVLPLODUDQGWKHUHIRUHWKHDQDO\VLVLVQRW
UHSHDWHG7KHRQO\GLIIHUHQFHLVWKDWWKHUHVLGXDOIOX[OLQNDJH
RIFRLO$ZLOOEHWKHKLJKHVWZKLFKZLOOOHDGWRWKHKLJKHVW
WXUQIDXOWFXUUHQWLIWKHWXUQIDXOWRFFXUVLQFRLO$
,9352326('0,7,*$7,210(7+2'%<&5($7,1*=(52
6(48(1&(&855(173$7+
$FFRUGLQJWRWKHDQDO\VLVDERYHWKHH[FHVVLYHWXUQIDXOW
FXUUHQW DIWHU76& LV PDLQO\ GXH WR WKH ]HUR VHTXHQFH IOX[
OLQNDJH,ID]HURVHTXHQFHFXUUHQWSDWKFDQEHFUHDWHGIRUWKH
SKDVHZLQGLQJ]HURVHTXHQFHVKRUWFLUFXLWFXUUHQWVZLOOEH
LQGXFHG LQ WKH ZLQGLQJV &RQVHTXHQWO\ WKH ]HUR VHTXHQFH
IOX[ OLQNDJHV LQ WKH IDXOW WXUQV ZLOO EH ORZHU DQG WKH IDXOW
FXUUHQWZLOOEHUHGXFHGDFFRUGLQJO\
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)LJSKDVHOHJLQYHUWHUIRUVHW$%&
$]HURVHTXHQFHFXUUHQWSDWKFDQEHSURYLGHGE\XVLQJ
SKDVHOHJLQYHUWHU>@7KHQHXWUDOSRLQWRIWKHSKDVH
ZLQGLQJLVFRQQHFWHGWRWKHIRXUWKOHJDVVKRZQLQ)LJ
IRU VHW $%& WRSURYLGH D ]HUR VHTXHQFH FXUUHQW SDWK 7KH
VDPHLQYHUWHUWRSRORJ\LVXVHGWRGULYHVHWV'()DQG*+,
,QKHDOWK\FRQGLWLRQWKHPDFKLQHLVIHGE\WKHWKUHHSKDVH
LQYHUWHUV ZLWK WKH IRXUWK OHJV LQDFWLYH 6R WKH PDFKLQH
SHUIRUPDQFHKDVQRGLIIHUHQFHZLWKWKHVWDQGDUGIXOOEULGJHV
+RZHYHULQFDVHRIDWXUQIDXOWDOOWKHIRXUWRSRUERWWRP
VZLWFKHVRIWKHSKDVHOHJLQYHUWHUFDQEHFORVHGWRDSSO\
76&RQWKHIDXOWVHW:LWKWKHDLGRIWKHIRXUWKOHJD]HUR
VHTXHQFHFXUUHQWSDWKLVFUHDWHG$QGKHQFH]HURVHTXHQFH
FXUUHQWVFDQ IORZ LQ WKHZLQGLQJVYLD WKHQHXWUDO SDWKDQG
QXOOLI\ WKH ]HUR VHTXHQFH IOX[ OLQNDJHV &RQVHTXHQWO\ WKH
UHVLGXDO IDXOW OLQNDJH RI WKH IDXOW WXUQV LV IXUWKHU UHGXFHG
LPSO\LQJ ORZHU IDXOW FXUUHQW 0HDQZKLOH WKH RWKHU WZR
KHDOWK\ ZLQGLQJ VHWV RSHUDWH DV QRUPDO WR SURYLGH RXWSXW
WRUTXH
,QRUGHUWRLOOXVWUDWHWKHHIIHFWRIWKH]HURVHTXHQFHFXUUHQW
RQ WKH ]HUR VHTXHQFH IOX[ OLQNDJHV 76& LV DSSOLHG WR VHW
$%& ZLWKRXW WXUQ IDXOW E\ VZLWFKLQJ RQ DOO WKH IRXU WRS
VZLWFKHV RI WKHSKDVH OHJ LQYHUWHU ZKHQ WKHRWKHU WZR
KHDOWK\VHWVDUHH[FLWHGE\$FXUUHQWVLQPRWRULQJPRGH
7KHUHVXOWDQWSKDVHFXUUHQWVDQG]HURVHTXHQFHFXUUHQWDUH
VKRZQLQ)LJ7KHSKDVHFXUUHQWVDUHDOVRXQEDODQFHGDQG
WKH LQGXFHG ]HUR VHTXHQFH FXUUHQW LV OHVV WKDQ $ 7KH
UHVXOWDQWUHVLGXDOSKDVHIOX[OLQNDJHVRIVHW$%&DUHSORWWHG
LQ )LJ  $V FDQ EH VHHQ WKH PDJQLWXGHV RI WKH IOX[
OLQNDJHVDUHPXFK ORZHU WKDQ WKRVHZLWKRXW]HURVHTXHQFH
FXUUHQWSDWKVKRZQLQ)LJ7KHRULJLQDO]HURVHTXHQFHIOX[
OLQNDJHV DUH HIIHFWLYHO\ QXOOLILHG E\ WKH LQGXFHG ]HUR
VHTXHQFHFXUUHQWV$QGKHQFHWKHUHVLGXDO IOX[ OLQNDJHV LQ
)LJDUHTXLWHGLIIHUHQWZLWKWKRVHRI)LJ
,QDGGLWLRQWKHIOX[OLQNDJHVRIWKHFRLOVLQVHW$%&DUH
VKRZQ LQ )LJ  7KH IOX[ OLQNDJH RI FRLO % LV VWLOO WKH
KLJKHVW ZKLOH LWV DPSOLWXGH LV UHGXFHG E\  FRPSDUHG
ZLWK WKDW LQ )LJ  ,W FDQ EH VHHQ WKDW WKH UHVLGXDO IOX[
OLQNDJHVDUHVLJQLILFDQWO\UHGXFHGGXHWRWKH]HURVHTXHQFH
FXUUHQW $V D UHVXOW WKH WXUQ IDXOW FXUUHQW ZRXOG EH ORZHU
DFFRUGLQJO\
)LJ 3KDVHFXUUHQWVDQG]HURVHTXHQFHFXUUHQWRIVHW$%&DIWHU76&
ZLWK]HURVHTXHQFHFXUUHQWSDWK

)LJ   3KDVH IOX[ OLQNDJHV RI VHW $%& DIWHU 76& ZLWK ]HUR VHTXHQFH
FXUUHQWSDWK
)LJ   )OX[ OLQNDJHV RI WKH  FRLOV LQ VHW $%& DIWHU 76& ZLWK ]HUR
VHTXHQFHFXUUHQWSDWK
7KH PDFKLQH EHKDYLRU ZLWK VLQJOH WXUQ IDXOW LQ FRLO %
DIWHU76&ZLWK WKHSURSRVHG]HURVHTXHQFHFXUUHQWSDWK LV
VLPXODWHG LQ )( ZKLOH WKH RWKHU WZR KHDOWK\ VHWV DUH VWLOO
ORDGHGE\WKHUDWHGFXUUHQWVDWUSPLQPRWRULQJPRGH
7KH UHVXOWDQW WXUQ IDXOW FXUUHQW DUH SORWWHG LQ )LJ  DQG
FRPSDUHG ZLWK WKH IDXOW FXUUHQW ZLWKRXW QHXWUDO SDWK ,W LV
VHHQWKDWWKHUPVIDXOWFXUUHQWKDVEHHQUHGXFHGIURP$
SXWR$SX,WUHVXOWVLQUHGXFWLRQLQWKH
FRSSHU ORVV RI WKH IDXOW WXUQ $QG VLQFH WKH SX IDXOW
FXUUHQWRQO\IORZVLQWKHIDXOWWXUQZKLOHWKHFXUUHQWVLQWKH
UHPDLQLQJZLQGLQJVDUHORZHUWKDQWKHUDWHGYDOXHWKHKHDW
RI IDXOW FXUUHQW FDQ EH HIIHFWLYHO\ GLVVLSDWHG DQG WKH
WHPSHUDWXUHULVHLQWKHIDXOWWXUQLQTXLWHPLOG
)LJ&RPSDULVRQRIWKHWXUQIDXOWFXUUHQWLQFRLO%DIWHU76&ZLWKDQG
ZLWKRXW]HURVHTXHQFHFXUUHQWSDWK
6LPLODUO\WKHFRQFHSWLVDOVRYDOLGDWHGIRUWKHZRUVWFDVH
LQJHQHUDWLQJPRGHZLWKVLQJOHWXUQIDXOWLQFRLO$76&LV
DSSOLHGRQWKHIDXOWVHWZKLOHWKHRWKHUWZRKHDOWK\VHWVDUH
ORDGHGZLWKWKHUDWHGFXUUHQWVDWUSP7KHUHVXOWDQWWXUQ
IDXOW FXUUHQWV ZLWK DQG ZLWKRXW WKH ]HUR VHTXHQFH FXUUHQW
SDWKDUHFRPSDUHGLQ)LJ$VFDQEHVHHQWKHUPVYDOXH
KDVEHHQDOVRUHGXFHGIURP$SXWR$SX
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)LJ&RPSDULVRQRIWKHWXUQIDXOWFXUUHQWLQFRLO$DIWHU76&ZLWKDQG
ZLWKRXW]HURVHTXHQFHFXUUHQWSDWK
'XHWRWKHGHFUHDVHGIDXOWFXUUHQWWKHFRSSHUORVVRIWKH
IDXOW WXUQ LV VLJQLILFDQWO\ UHGXFHG DQG OHDGLQJ WR ORZHU
WHPSHUDWXUHULVH$VDUHVXOWWKHPDFKLQHFRXOGKDYHODUJHU
VDIHPDUJLQXQGHUWKLVVHYHUHIDXOW2QWKHRWKHUKDQG WKH
FRQVWUDLQWWRDFFRPPRGDWHWKHIDXOWFXUUHQWLVHDVHGDQGWKH
PDFKLQH FDQ EH RSWLPL]HG IRU EHWWHU WRUTXH GHQVLW\ DQG
HIILFLHQF\ ,W VKRXOGEHQRWHG WKH IRXUWK OHJ ZLOO LQWURGXFH
DGGLWLRQDOFRVWWRWKHGULYHV\VWHP+RZHYHUWKHFXUUHQWLQ
WKH IRXUWK OHJ LVTXLWH VPDOO GXH WR WKH ORZ]HUR VHTXHQFH
FXUUHQW7KHUHIRUH LWFDQEHGHVLJQHGZLWKD VPDOOFXUUHQW
UDWLQJE\ORZFRVWVZLWFKGHYLFHV+HQFHWKHDGGLWLRQDOFRVW
LV TXLWH PLQRU FRPSDUHG WR WKH ZKROH PDFKLQH GULYH ,Q
DGGLWLRQ E\ XVLQJ WKH ]HUR VHTXHQFH FXUUHQW WKH PDFKLQH
GULYHFRXOGJDLQ LQFUHDVHG WRUTXHFDSDELOLW\ LQDQHYHQWRI
RQHSKDVHRSHQFLUFXLWIDXOWDVGHVFULEHG>@
9(;3(5,0(17$/9$/,'$7,21
7KHSURSRVHGWXUQIDXOWPLWLJDWLRQPHWKRGKDVEHHQWHVWHG
RQ D WULSOH UHGXQGDQW [SKDVH 30$ 6\Q50 SURWRW\SH
ZKRVH VSHFLILFDWLRQV DUH JLYHQ LQ7DEOH ,7KHPDFKLQH LV
PRXQWHGRQ WKHG\QDPRPHWHUYLD WKH WRUTXH WUDQVGXFHUDV
VKRZQLQ)LJ'XULQJWKHWHVWVWKHG\QRLVFRQWUROOHGDW
D JLYHQ VSHHG URWDWLQJ ZLWK WKH PDFKLQH SURWRW\SH 7KH
PDFKLQH LV GULYHQ E\ DQ H[LVWLQJ '63FRQWUROOHG SKDVH
LQYHUWHU FRQVLVWLQJ RI WKUHH SKDVH VWDQGDUG LQYHUWHUV DV
VKRZQ LQ )LJ  ,W LV FRQWUROOHG E\ FODVVLF GT FXUUHQW
FRQWUROOHU $IWHU WKH WXUQ IDXOW WKH YROWDJH YHFWRUV DUH
DGMXVWHGDXWRPDWLFDOO\E\WKHGTFXUUHQWFRQWUROOHUWRWUDFN
WKHFXUUHQWFRPPDQGVZKLOHWKHIDXOWVHWLVSURWHFWHGE\76&
7KHLQYHUWHUVZLWFKHVDUHPRGXODWHGE\693:0DWN+]
7KH ]HUR VHTXHQFH FXUUHQW SDWK LQ WXUQ IDXOW FRQGLWLRQ LV
UHDOL]HGE\VKRUWFLUFXLWLQJ WKHQHXWUDODQG WKH WKUHHSKDVH
WHUPLQDOVGLUHFWO\
7KH H[SHULPHQWDO VHWXS IRU WKH WXUQ IDXOW HPXODWLRQ LV
LOOXVWUDWHGLQ)LJ$VLQJOHWXUQWDSLVEURXJKWRXWLQFRLO
%RIVHW$%&7ZR WKLFNFDEOHV DUH VROGHUHG WR WKH IDXOW
WXUQWDSVWRPLQLPL]HWKHDGGLWLRQDOLPSHGDQFHLQWKHVKRUW
FLUFXLWSDWK7KHOHDGVDUHFRQQHFWHGWRDUHOD\IRUFRQWUROOHG
IDXOWHPXODWLRQ7KHWXUQIDXOWFDQEHVHQVHGE\PRQLWRULQJ
WKH QG KDUPRQLF LQ WKH LQVWDQWDQHRXV DFWLYH SRZHU LQ
JHQHUDWLQJPRGHRUWKHQGKDUPRQLFLQWKHUHDFWLYHSRZHULQ
PRWRULQJPRGHDFFRUGLQJWR>@
)LJ7KHSKDVH30$6\Q50WHVWULJ
)LJ'63EDVHGSKDVHLQYHUWHU
 D E
)LJ7XUQIDXOWWHVWVHWXSDFDEOHOHDGVEUHOD\
$7XUQ)DXOWLQ&RLO%
)LUVWWKHPDFKLQHLVWHVWHGZLWKDVLQJOHWXUQIDXOWLQFRLO
%DWWKHEDVHVSHHGRIUSP76&KDVEHHQDSSOLHGRQ
WKHIDXOW$%&VHWIRUERWKZLWKRXWDQGZLWK]HURVHTXHQFH
FXUUHQW SDWK 0HDQZKLOH WKH RWKHU WZR KHDOWK\ VHWV DUH
H[FLWHGZLWK$FXUUHQWV7KHUHVXOWDQWIDXOWFXUUHQWDQG
SKDVHFXUUHQWVLQVHW$%&DUHFRPSDUHGLQ)LJ$VFDQ
EH VHHQ WKH UPV WXUQ IDXOW FXUUHQW KDV EHHQ UHGXFHG IURP
$ WR $ GXH WR WKH ]HUR VHTXHQFH FXUUHQW SDWK 7KH
DPSOLWXGHRIWKHLQGXFHG]HURVHTXHQFHFXUUHQWLV$)LJ
 FRPSDUHV WKH SKDVH FXUUHQWV LQ WKH KHDOWK\ VHWV ZKHUH
QHJOLJLEOH GLIIHUHQFH LV VHHQ 7KH VPDOO ]HUR VHTXHQFH
FXUUHQWLQVHW$%&KDVLQVLJQLILFDQWLPSDFWRQWKHRSHUDWLRQ
RIWKHWZRKHDOWK\VHWV
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)LJ7XUQIDXOWFXUUHQWDQGSKDVHFXUUHQWVZLWKWXUQIDXOWLQFRLO%LQ
PRWRULQJ PRGH DW USP DIWHU 76& D ZLWKRXW QHXWUDO SDWK E ZLWK
QHXWUDOSDWK
D
E
)LJ+HDOWK\SKDVHFXUUHQWVZLWKWXUQIDXOWLQFRLO%LQPRWRULQJPRGH
DWUSPDIWHU76&DZLWKRXWQHXWUDOSDWKEZLWKQHXWUDOSDWK
&RPSDULQJZLWK)LJWKHPHDVXUHGWXUQIDXOWFXUUHQWV
DUHORZHUWKDQWKHVLPXODWHGUHVXOWV,WFDQEHDWWULEXWHGWR
WKHDGGLWLRQDOLPSHGDQFHFDXVHGE\WKHOHDGFDEOHDQGUHOD\
LQH[SHULPHQWDOWHVW7KHHVWLPDWHGUHVLVWDQFHDQGLQGXFWDQFH
GXH WR WKH OHDG FDEOH DQG UHOD\ DUH  P: DQG +
UHVSHFWLYHO\:KHQWKHH[WHUQDOLPSHGDQFHLVFRQVLGHUHGLQ
)( VLPXODWLRQ XQGHU WKH VDPH RSHUDWLRQ FRQGLWLRQV WKH
VLPXODWHG DQG WHVWHG WXUQ IDXOW FXUUHQWVFRLQFLGHYHU\ZHOO
IRU ERWK ZLWKRXW QHXWUDO SDWK DQG ZLWK SDWK VFHQDULRV DV
VKRZQ LQ )LJ  FRQILUPLQJ WKH HIIHFWLYHQHVV RI WKH
SURSRVHGPHWKRG
,WVKRXOGEHQRWHGWKDWGXHWRWKHOLPLWHGQXPEHURIFXUUHQW
SUREHV RI WKH RVFLOORVFRSH WKH  SKDVH FXUUHQWV DQG IDXOW
FXUUHQWDUHPDLQO\PHDVXUHGE\WKHLQYHUWHUFXUUHQWVHQVRUV
DQGFRQVHTXHQWO\WKHVZLWFKLQJKDUPRQLFVDUHQRWYLVLEOHLQ
WKH FXUUHQW ZDYHIRUPV GXH WR OLPLWHG VDPSOLQJ IUHTXHQF\
DQGDQWLDOLDVILOWHULQJ
D
E
)LJ  7XUQ IDXOW FXUUHQW FRPSDULVRQV LQFRLO % LQ PRWRULQJPRGHDW
USPDIWHU76&DZLWKRXWQHXWUDOSDWKEZLWKQHXWUDOSDWK
,QDGGLWLRQWKHRXWSXWWRUTXHYDULDWLRQVZLWKORDGFXUUHQW
LQ WKH WZRKHDOWK\VHWDUHFRPSDUHG LQ)LJIRU WKH WZR
IDXOWPLWLJDWLRQVFKHPHVQDPHO\76&RQVHW$%&ZLWKDQG
ZLWKRXW]HURVHTXHQFHFXUUHQWSDWK,W LVVHHQWKDW WKH]HUR
VHTXHQFHFXUUHQWDOVRKDVQHJOLJLEOHLQIOXHQFHRQWKHRXWSXW
WRUTXH7KHPDFKLQHLVVWLOOFDSDEOHWRRXWSXWDERXWRIWKH
WRUTXH LQ KHDOWK\ FRQGLWLRQ 7KH UPV WXUQ IDXOW FXUUHQW
YDULDWLRQV ZLWK WKH ORDG FXUUHQW XQGHU WKH WZR GLIIHUHQW
VFHQDULRV DUH FRPSDUHG LQ )LJ  IRU ERWK PRWRULQJ DQG
JHQHUDWLQJPRGHV,WLVHYLGHQWWKDWWKHWXUQIDXOWFXUUHQWLV
UHGXFHG DQG ZHOO OLPLWHG ZLWKLQ SX LQ DOO RSHUDWLRQ
FRQGLWLRQV7KHUHIRUH WKH WXUQ IDXOW FXUUHQW ZLOO QRW FDXVH
DQ\WKHUPDOLVVXHDIWHULQWURGXFLQJWKH]HURVHTXHQFHFXUUHQW
SDWK
)LJ&RPSDULVRQRIWKHRXWSXWWRUTXHV
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6&7ZLWKRXW1
6&7ZLWK1
)LJ&RPSDULVRQRIWKHWXUQIDXOWFXUUHQWYDULDWLRQVZLWKWKHORDGFXUUHQW
LQFRLO%
%7XUQ)DXOWLQ&RLO$
7KHPDFKLQHLVDOVRWHVWHGZLWKVLQJOHWXUQIDXOWLQFRLO$
E\UHYHUVHURWDWLRQRIWKHURWRU&RQVHTXHQWO\WKHWXUQIDXOW
LQFRLO%WUDLOLQJFRLOIRUDQWLFORFNZLVHURWDWLRQEHFRPHV
HTXLYDOHQWWRWKHOHDGLQJFRLO$LQFORFNZLVHURWDWLRQ76&
ZLWKRXWDQGZLWK]HURVHTXHQFHFXUUHQWSDWKDUHDOVRDSSOLHG
RQ VHW $%& ZKLOH WKH WZR KHDOWK\ VHWV DUH VWLOO ORDGHG E\
$DWUSPLQJHQHUDWLQJPRGH7KHUHVXOWDQWSKDVH
FXUUHQWV DUH VLPLODU DQG WKHUHIRUH RQO\ WKH WXUQ IDXOW
FXUUHQWVDUHVKRZQLQ)LJ,WLVVHHQWKHUPVIDXOWFXUUHQW
LVDOVRUHGXFHGIURP$WR$GXHWRWKH]HURVHTXHQFH
FXUUHQWSDWK YLD WKHQHXWUDO FRQQHFWLRQ ,W VKRXOGEHQRWHG
WKDW WKH WZRZDYHIRUPVDUHPHDVXUHGVHSDUDWHO\KRZHYHU
WKH\DUHSORWWHGRQWKHVDPHWLPHD[LV6LPLODUO\WKHUPVWXUQ
IDXOW FXUUHQW YDULDWLRQ ZLWK WKH ORDG FXUUHQW XQGHU WKH WZR
GLIIHUHQWVFHQDULRVDUHFRPSDUHGLQ)LJIRUERWKPRWRULQJ
DQGJHQHUDWLQJPRGHV7KHUHGXFWLRQRIWKHWXUQIDXOWFXUUHQW
ZLWKWKHQHXWUDOSDWKLVDOVRVHHQLQDOORSHUDWLRQFRQGLWLRQV
)LJ&RPSDULVRQRIWKHWXUQIDXOWFXUUHQWZLWKWXUQIDXOWLQFRLO$
)LJ&RPSDULVRQRIWKHWXUQIDXOWFXUUHQWYDULDWLRQVZLWKWKHORDGFXUUHQW
LQFRLO$
9,&21&/86,21
,QWKLVSDSHUDVLPSOHDQGHIIHFWLYHPHWKRGIRUWXUQIDXOW
PLWLJDWLRQ KDV EHHQ GHYHORSHG IRU D WULSOH UHGXQGDQW [
SKDVH30$6\Q50E\XVLQJSKDVHOHJ LQYHUWHUV7KH
IRXUWKOHJFDQEHXVHGWRFUHDWH]HURVHTXHQFHFXUUHQWSDWK
DIWHU WKHDSSOLFDWLRQRI76& 7KHUHIRUH WKH]HUR VHTXHQFH
IOX[ OLQNDJHV DUH IXUWKHU UHGXFHG E\ WKH LQGXFHG ]HUR
VHTXHQFHFXUUHQW%RWKWKHIOX[OLQNDJHRIWKHIDXOWWXUQVDQG
WKHIDXOWFXUUHQWDUH UHGXFHGHIIHFWLYHO\7KHDSSURDFKKDV
EHHQ H[WHQVLYHO\ YHULILHG E\ ERWK )( VLPXODWLRQV DQG
H[SHULPHQWDOWHVWV,WKDVEHHQVKRZQWKDWWKHIDXOWFXUUHQWLV
UHGXFHG E\ a LQ DOO RSHUDWLRQ UDQJHV DQG WKH RXWSXW
WRUTXHLVQRWFRPSURPLVHG7KHSURSRVHGPLWLJDWLRQPHWKRG
RIIHUV ODUJHU VDIHW\ PDUJLQ DQG DOORZ WKH PDFKLQH WR EH
RSWLPL]HGIRULPSURYHGWRUTXHFDSDELOLW\DQGHIILFLHQF\7KH
DGGLWLRQDO FRVW GXH WR WKH IRXUWK OHJ PD\ EH MXVWLILHG IRU
LPSURYHGIDXOWWROHUDQFHDQGKLJKHURXWSXWWRUTXHLQRSHQ
FLUFXLWIDXOW7KHSURSRVHGIDXOWPLWLJDWLRQFRQFHSWWRUHGXFH
WXUQIDXOWFXUUHQWLVDSSOLFDEOHWRRWKHUPXOWLSKDVHPDFKLQHV
5()(5(1&(6
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